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» We are a composite of species: bacteria, archea,
protozoan, fungi, viruses, bacteriophages

» Commensal microorganisms
* inhabit all barrier surfaces of our organism
 are at least as numerous as human cells

e their DNA (the microbiome) contains 100
times more genes than our ‘own’ human
genome

» Humans are metaorganisms

composed of host and microbial cells with their
own genes and shared metabolic processes and
products



Human genome

We are a composite of species:
bacterial, fungi, viruses...
a metaorganism

Human microbiome




Control of host physiology by the microbiota
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|dentifying sources of microbiome heterogeneity
across human populations

AMEHIBANBUT

BY THE NUMBERS

SITES IN Ornish ) Low Fat
EUROPE AUSTRALIA Diet DATH i Gluten
2 Pale =
Sy Vegetarian o ro- 8
E fS Watchers Watchers

Omnivore Low GI

R U NNING SINGAPORE

T ‘

MICROBES AND MICROBIOMES
FOUND IN CITIZEN SCIENTISTS
d

{
SINPLES 8B

MORE THAN 467 MILLION® 165
GENE FRAGMENTS SEQUENCED

HUMAN
PARTICIPANTS

S | R | Lol

lvan Vujkovic-Cvijin

'



Physiological, lifestyle and dietary characteristics strongly associate
with the composition of the gut microbiota

b Acono | |
; a Allergy: gluten A = Q o
SO ol [ BMQ: solid (Bristol 1, 2) -| I—— 2%
Exercise [ — g BM per day: <1 -{ IEE— as
vitamin D supplement | S bl P Obese (BMI > 30.0) | EEE—-— 28
@ =
Vitamin B supplement - E_" ' size Sex - IS o2
o ! 5,700
Probiotic | [ I = Country (USA/UK) -| ——
Wibieaas ] fn 200 Alcohol frequency: daily - NN
: 60 Drinks per session: 4* = c
Salted snacks -| [Em—"— i Takes vitamin supplements - - 2
Whole grain - E : Consumes alcohol: sour beer - IEEN— %
Vegetable - I ; Alcohol frequency: regularly - N
Sugary sweets E: ; Drinks per session: 34 o | =
Poultry - [———— : Vegan —
Milk/cheese E‘ : Unique plant species consumed: >30 - Fm=
Fruit E ! g Special diet: primal —
Red meat | [— vl ki Special diet: gluten free - I
: Special diet: no dairy 4| FE———
High-fat red meat - [———" ! Vegetariaz
- - o
Ready to eat meals -| [ ' Unique plant species consumed: 21-30 - I Q
Sugar sweetened drink | i Special diet: Weston Price 1 | et
Prepared meals -| [mm——— i Special diet: no refined sugars - -
Whole eggs E" : Special diet: palaeo 1 | —
: Unique plant species consumed: 11-20 -| Immmmms—
Seafood - E: !
r . . r ' Consumes antibiotic-treated animal products - NN
05 06 07 08 09 0'5 0l6 0'7 018 0'9
Frequency ! . . * §
W Daily ROt RORAE ARG Random Forest AUROC

B Regularly (3-5 times per week)

[ Occasionally (1-2 times per week) . .
| Rarely (<1 per week) Vujkovic-Cvijin et al, Nature, 2020



Alcohol affects gut microbiota composition in a dose-
dependent manner

drinkers by alcohol type
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A large number of microbes able to cause diseases
are normal constituents of the microbiota
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Antimicrobial resistance
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Antibiotic treatment can lead to the expansion
of antibiotic resistant species

Pre-antibiotic diverse  Antibiotic depleted Expansion of antibiotic-resistant
microbiota microbiota bacterial species

Adapted from Pamer et al, Science, 2016



Klebsiella pneumoniae is a major cause of infection in
individuals with compromised gut microbiota
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Antibiotic treatment can lead to the expansion
of antibiotic resistant species

Microbiota
transplants

Pre-antibiotic diverse  Antibiotic depleted Expansion of antibiotic-resistant
microbiota microbiota bacterial species

Adapted from Pamer et al, Science, 2016



Can pathogen-induced microbiota shield against
subsequent infections?
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Prior infection elicits an expansion ot Deltaproteobacteria

Taxonomic phyla
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Deltaproteobacteria

Generate energy by
respiring with sulfur-containing compounds
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Bile acids are the source of taurine
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Taurine enhances resistance to infection

Citrobacter rodentium
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Infection trains the host for microbiota-enhanced

resistance to pathogens
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» Microbiota can be “trained,” like immune system

» Training metabolite has potential therapeutic value

Stacy et al., Cell (2021)



The gut microbiota is an endogenous adjuvant for host protective
Immune responses
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The microbiota control the development and
function of the immune system

Infections =~ Vaccines
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Serial dilutions
in media
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S. epidermidis-induced CD8T cells promote antimicrobial defense
and tissue repair
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derived > B
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S. epidermidis specific CD8 T cells recognize N-formylated
peptides antigens via non-classical MHCI

S. epidermidis Byt

| Non-classical |
MHCI (H2-M3) | '

TCR

~ N-formyl methionine peptides: formylation
required for initiation of translation in bacteria

John Linehan
(Genentech) Linehan, Cell, 2018



Commensal derived N-formylated peptides

can be highly conserved
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Commensal specific CD8T cells express a paradoxical
Type 17/Type 2 signature
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Commensal-specific T cell plasticity promotes rapid tissue
adaptation to injury
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Microbiota specific Tissue resident T cells
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MAIT cells recognize Antigens derived from the microbial vitamin
B2 (riboflavin) metabolic pathway
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James McCluskey, Jamie Rossjohn, Paul Klenerman...

2-10 % of human blood and skin T cells (up to 45 % in the liver)

Frequencies are low in mice (< 1%)....



MAIT cells are highly represented within the skin
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Local increase of MAIT cells promotes Tissue repair
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MAIT cells depend on exposure to defined microbes during a specific
developmental window, after which development is permanently impaired
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"Window of opportunity”
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Long term impact of early life microbiota
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Conserved microbiota antigens/non-conventional T cell:

oromotion of tissue homeostasis
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Pathogenic immunity to the microbiota
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~— Mining the Microbiome...
‘ For a novel class of therapies

* Microbiota transplant
*  Microbiota consortium
*  Microbiota derived products/antigens

* Prebiotic
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